ABSTRACT: Quantitative analysis of the carbonate species within clinical 10 and environmental samples is highly critical to the advancement of accurate 11 environmental monitoring, disease screening, and personalized medicine.
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Herein we report the first example of carbonate detection using develop techniques and methodologies for monitoring air, 27 water, and soil much more frequently and extensively than it is 28 possible today while significantly lowering per-sample and per-29 measurement costs. Such capabilities are expected to make a 30 significant impact in many different fields, from environmental 31 analysis to the health, security, and manufacturing industries. 32 Obviously, no single technique could address all these 33 requirements. ISEs are a class of chemical sensors that in 34 recent years went through a renaissance and showed excellent 35 potential as tools for routine monitoring and as early warning 36 systems. They are simple and low cost, show excellent 37 selectivity and sensitivity, and are easily miniaturized and 38 connected to simple communication devices. However, they 39 suffer from the existence of zero-current membrane ion fluxes 40 which presents as their fundamental limitation for becoming a 41 robust tool for long-term trace level analysis.
42
Because of the ion fluxes, the sample/membrane interface is 43 poisoned by the excess of primary ions which results in 44 deterioration of the low detection limit (LDL) 95 (PEDOT) was electrochemically polymerized onto the solid 96 contact electrodes (SCEs) by immersing the platforms into a 97 solution of 3% 3,4-ethylenedioxythiophene (EDOT), and 6% 98 tetrabutylammonium chloride in acetonitrile and using the SCE 99 as a cathode and a graphite anode. Electropolymerizations were 100 performed for 10 min at 2.0 V and 50 mA using Hewlett-101 Packard potentionstat (E3630A, address). The SCEs were left 102 to dry for 24 h at room temperature and then placed in a room-103 temperature vacuum oven for 1 h before applying ion selective 104 membranes.
105
Preparation of Carbonate-Selective Membranes. Car-106 bonate selective electrodes were prepared by dissolving 107 TDMACl (11 mmol/kg or 1% wt), copolymer (95% wt), 108 and if needed carbonate ionophore (76 mmol/kg or 4% wt) in 109 0.5 mL of THF. After the complete dissolution of all 110 components, the aliquot was drop cast onto the top of the 111 PEDOT layer and left at room temperature to dry overnight.
112
With the traditional protocol, the electrodes were placed in 113 0.1 M solution of NaHCO 3 for 24 h. Note that pH of this 114 solutions was ∼8.4 resulting in ∼10 −3 M of CO 3 2− .
115
The new conditioning protocol involved placing the 116 electrodes solution of 1 mg of carbonate ionophore in 0.5 117 mL of THF and 20 mL of ultrapure water to form a solution of 118 7.6 × 10 −5 M of ionophore in THF + water solvent mixture. Information, Figure S1 ). As it is absorbed into the membrane, 167 the ionophore complexes primary ions at the aqueous side of Figure 1 . Schematic representation of state of ion-selective membranes after traditional conditioning (A) and after conditioning protocol suggested here (B). In the situation in part A, the membrane is loaded with ionophore (black half-moons) followed by conditioning in the solution of primary ions (brown circles). Establishment of ion fluxes results in leaching of primary ions and their accumulation at the sample/membrane interface. With the new protocol in part B, the membrane is exposed to the solution of ionophore. It complexes ions at the sample/membrane interface and partitions in the membrane thus resulting in removal of primary ions from the phase boundary.
168 the sample/membrane interface. This draws the carbonate ion 169 into the membrane, minimizing ion fluxes (see the Supporting 170 Information Figure S2 and accompanying discussion). This 171 process recovers the sample/membrane interface as illustrated 172 in Figure 1B and Figure 1A , 181 results in suboptimal LDL (pCO 3 2− (LDL) = 5.7) due to the 182 occurrence of outward ion fluxes. On the other hand, the ISEs 183 prepared with the new approach are conditioned in a solution 184 of the carbonate ionophore. Following the complexation of 185 primary ions in the sample at the sample/membrane interface 186 and partitioning into the membrane, the phase boundary is 187 regenerated resulting in significant improvement of the LDL. 188 This situation is illustrated in Figure 1B . These ISEs showed 189 near Nernstian behavior (27.4 mV per decade) over a wide 190 concentration (pCO 3 2− = 3.3−9.6) range with optimal LDL 191 achieved under the given experimental conditions of pCO 3 = 192 10.10 (8 × 10 −11 M or 5 ppt). Note that the LDL is here 193 dictated by the speciation of CO 3 2− ion and its equilibrium with 194 atmospheric CO 2 . Traditionally, the LDL of ISEs is dictated by 195 the presence of interfering ions (selectivity) and determined 196 from the typical curvilinear response curve. 19 However, in this 197 case, the curvilinear region is never observed. This exciting 198 observation implies that the fundamental LDL for this system 199 has not yet been measured and that with further system 200 optimization (e.g., preventing trace amounts of CO 3 2− through 201 equilibrium with atmospheric CO 2 ), subppt levels of CO 3 2− can 202 possibly be determined. From our preliminary results with 203 other ions (see the Supporting Information Figures S3 and S4) , 204 it seems that this methodology is valid for a wide range of 205 ionophore-based ISEs. Hence, these findings imply a high cases (see Table 1 ). Retention of the slope and impressive (LDL) = 5.5) and using our methodology (closed circles). In the case of the latter,the slope was 27.4 mV/decade with R 2 = 0.99. LDL is dictated by the speciation of CO 3 2− and is observed at pCO 3 2− = 9.6. The inset presents the structure of the 3 2− ionophore.
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